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Description 

One of the characteristics with a higher interest in 
the handling of blood and plasma for clinical purposes 
consists in the evaluation of the coagulation time. 

Various processes and systems are known for this 
aim which are based on physical effects related to the 
formation of fibrine which is typical of the coagulation 
cascade. 

Among the apparatus and systems already known, 
the optical and mechanical coagulation meters may be 
cited. Some of these systems comprise rotating bars, 
corresponding to optical type meters; other systems rely 
on a rotating ball with sensors based on the Hall effect, 
others are based on vibrating or oscillating webs com- 
bined with vibration sensors, other types are based on 
the variation of electrical conductivity between elec- 
trodes and finally, other systems rely on the measure- 
ment of the variations of capillary viscosity. 

The automatized systems require in order to in- 
crease the velocity of the process to carry out a series 
of different measurements simultaneously. This may be 
carried out by the arrangement in parallel of a series of 
sensors or having the reaction wells to rapidly cross in 
front of a sole sensor. 

In both cases, some limitations appear as to space 
or time in the practical embodiment of the process. 

To find a solution to the above drawbacks, the proc- 
ess and apparatus of this invention are based on com- 
pletely different and original principles, consisting basi- 
cally in the determination of the moment in which the 
coagulation process is initiated, by evaluation of the var- 
iation of mechanical characteristics appearing in the flu- 
id to be analyzed. Therefore, the principle is essentially 
of a mechanical nature, requiring a ball, bar or any other 
object which movement may be disturbed by the reac- 
tion. This change will be detected in form of the corre- 
sponding image by means of an image-taking camera, 
in order that the generated signal may be processed as 
a dynamic image with the detection, by means of a digi- 
tation process, of the moment in which the change in 
the movement of the mechanical object being displaced 
within the fluid to be analyzed takes place. The fluid pref- 
erably consists, as above stated, in plasma or blood. 

The determination of the moment in which the co- 
agulation initiates is carried out by means of a program- 
mable computer in which a comparison will be made of 
the values of certain parameters which depend on the 
mechanical performance of the fluid being analyzed with 
a certain standard or pattern. Therefore, the camera for 
taking images of the process will be used only for the 
capture and relying of the generated signal to the com- 
puter. 

Any parameter may be used for the determination 
of the moment in which coagulation starts, in order to 
compare its value with a certain model. Such parameter 
may be any parameter which depends on the variation 
of the mechanical characteristics of the fluid to be ana- 



lyzed in the moment in which the changes in the coag- 
ulation appear, that is, the formation of fibrine. Prefera- 
bly to be used will be certain parameters as angular 
speed, linear speed and the position, that is, the radius 
5 of rotation of the mechanical element related with the 
fluid being analyzed. 

. After experimental work, the inventors have found 
that the parameters which are more suitable to carry out 
the invention consist in the linear velocity and the radius 
10 of rotation, as the angular speed is practically main- 
tained during all the process. 

The advantages to be obtained with the detection 
system of the present invention consist mainly in that 
the detection system in itself may be separated from the 
is place in which the reaction is carried out, requiring only 
a "point of vision 0 from which the image will be captured. 
This characteristic allows the gathering (for example on 
a rectangular flat surface) of the reaction wells or cavi- 
ties, reducing in this way the space needed, as no indi- 
20 vidual detector for each reaction is necessary. At the 
same time, the new process will allow the processing of 
multiple reaction wells in parallel, without requiring the 
reactions to be simultaneous, as it is not needed that all 
reactions start at the same time, given the fact that the 
2S invention allows the separate processing of each of 
them. At the same time, as the detection is carried out 
by means of a programmable computer, it is very simple 
to proceed to the change of the detection parameters, 
which in extreme cases could be carried out by the corn- 
so puter itself in an "intelligent 11 manner. 

Therefore, the invention permits to carry out the au- 
tomatic detection of the occurence of coagulation with 
great capacity and in a short time in comparison with 
previously known systems. 
35 The apparatus to carry out the process of the 
present invention will preferably comprise a plate for 
carrying the reaction wells or cavities, which could con- 
sist in a state of the art microtiter plate preferably made 
out of plastic material, having multiple wells or small cav- 
40 Hies in which the reactions will be carried out. The ex- 
ternal shape of the plate may be changed according to 
convenience. It may be simply rectangular, for example, 
with ten columns and ten rows of reaction cavities. Each 
of the wells or reaction cavities will be fitted with a ball, 
45 so that when the plate will be rotated without changing 
its general orientation, the resulting movement for the 
balls within each of the wells or cavities will be circular, 
with constant sense of turning. 

Generally speaking, the turning of each of the balls 
so will be produced by means of a common mechanical ar- 
rangement for ail of the balls, so that there will be no 
need to act particularly on each of them. 

Given the characteristics of the system of the inven- 
tion, there will be the possibility of using discardable mi- 
55 crotiter plates with a great quantity of reaction cavities. 
This will help in speeding the general process and to the 
reduction of the space needed. 

For its better understanding, a prefered embodi- 
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ment will be explained in the following with reference 
being made to the enclosed drawings, in which: 

Figure 1 shows a block chart corresponding to the 
process of the present invention. 

Figures 2 and 3 are a view from the top and a side 
view with a partial cross section of a sample carrying 
plate. 

Figure 4 shows a pictorial view of the driving ar- 
rangement of the sample carrying plate. 

Figure 5 shows a detail of the attachment of the driv- 
ing motor to the sample carrying plate. 

Figures 6 and 7 show examples of the arrangement 
of the image capturing camera. 

Figure 8 is a simplified top view of the means to 
place the sample on the reaction cavities. 

Figure 9 shows a simplified view of the means for 
feeding the reaction products to the wells of the cavity 
carrying plate according to the invention. 

The process of the present invention comprises the 
arrangement of the elements shown in the block chart 
of figure 1 , duly related among themselves so that a TV 
camera -40- may capture the images of plate -37- car- 
rying the reaction cavities in which the different samples 
have been fed from a sample preparation device -34-. 
The feeding of the reaction products will be carried out 
by means of a proportioner device -35-. The sample pre- 
paring device -34- will receive sample -32- and the pro- 
portioner -35- will receive separately the reaction prod- 
ucts -33-. Temperature will be controled by a tempera- 
. ture controling means -31 - which will act on all elements 
under consideration, that is, the samples and sample 
preparing device, reaction products and proportioner 
device as well as the plate carrying the reaction cavities. 
The informations being captured by the TV camera -40-, 
will pass to data preparation step -41 - to be relayed to 
an image processor -42-. Thereafter, the computer -43- 
will process the data to be fed to standard computer sys- 
tems -44-. 

A processor -36- will carry out the control of the 
process on the sample preparation device -34-, propor- 
tioner -35- and the system for the automatic feeding and 
discarding of plate -38- as well as the driving means - 
39- for the rotation of the plates carrying the reaction 
cavities. The system for the process control with receive 
the feed-back from the computer -43-. 

The apparatus to carry out the process will com- 
prise a microtiter plate -1- carrying a series of wells or 
cavities -2- for the samples distributed according to a 
pattern which usually will correspond to straight col- 
umns and rows as shown in the drawing or any other 
pattern adapted to the apparatus. Each of the cavities 
or wells will receive from one side a sample of the fluid 
to be analyzed, that is, of the blood or plasma which co- 
agulation velocity is to be determined and from the other 
side it will receive the reaction products to be used to 
enhance coagulation. 

In order that the apparatus may be suitable for car- 
rying out the process of this invention, it will be essential 



that each cavity -2- has mechanical means to sense the 
physical variations of the fluid to be analyzed at the mo- 
ment in which coagulation is initiated. In the drawings, 
a prefered embodiment has been shown in which each 

5 of the wells or cavities has one ball -3-. 

The driving of plate -1 - will be preferably carried out 
so that the mechanical means aimed at sensing the start 
of the coagulation may be subjected to a turning move- 
ment in only one direction. To this end, it is possible to 

io have one driving motor -4- with a corresponding first pul- 
ley -5- which by means of a belt, is capable to drive a 
second end pulley -7- which has an excentrical shaft -8- 
articulated on platform -10- which supports the cavity 
carrying the microtiter plate -1 -. In this way, the plate will 

75 have a circular movement in only one sense, so that in 
any point on the plate, the movement will correspond to 
turning in only one direction, as it has been shown by 
arrow -9- in figure 5. 

For better timing of the movement of the platform 

20 and the cavity carrying plate supported on the platform, 
the belt -6- will be a toothed belt, the same as pulleys - 
5- and -7-. 

Platform -10- receives the cavity carrying plate by 
means of rims -11-, -12-, -13- and -14-, shown only as 
25 an example. The platform has at the same time a series 
of holes -1 5- to allow the observation of cavity -2- of mi- 
crotiter plate -1-from the bottom. 

According to this invention, a TV camera is provided 
for capturing images. The TV camera will be located un- 
30 der the plateform, directed towards the upper part as in 
the version shown in figure 6, in which the camera has 
the reference numeral -16-. The camera could also be 
laterally located with the combination of a mirror, such 
as in the version shown in figure 7, in which the TV cam- 
as era -1 7- captures the images through mirrors -1 8-. 

According to the present invention, the apparatus 
will be completed by means of a reactive preparation 
system which has been schematically shown in figures 
8 and 9. The reactive preparation system is constituted 
40 by a support for a series of reactive despensing nozzles, 
each of which is connected to a peristaltic pump for the 
reactives by a pipe ending in the corresponding contain- 
er. 

The support has been shown schematically by 
45 means of plate -1 9- which bears multiple holes -20- for 
rece'rvingthe nozzles which have received reference nu- 
meral -21 - in figure 9, and which movement may be ob- 
tained by a double arm system as shown by -22- and 
-23-. A series of containers -24- for the reactives will 
so supply the reactives to nozzles -21- intermediate peri- 
staltic pumps -25-shown in figure 9. 

The driving system for plate -19- will have a move- 
ment according to three coordinated axis to obtain the 
necessary displacements in relation with the cavities of 
55 the plate, to allow the charging of the reactives on the 
same. 

The TV camera will be connected to an image 
processing system composed by a capturing and digi- 



3 



* 



EP0 525 273 B1 



tation means and by signal processing means. The re- 
sult will be the determination of the moment in which an 
alteration in the movement of each ball will appear. 

The memory of the system will have a representa- 
tion on real time of the image corresponding to the real 
view or scene. This information has to be processed by 
means of algorithms related to specific electronic cir- 
cuits. 

Complementarily, the apparatus of this invention 
will comprise means for the illumination of the scene, as 
well as for the thermostatic control of the plate carrying 
the reactives, as well as other auxiliary conventional 
means. 



Claims 

1. Process for the determination of the coagulation 
time of blood and plasma of the type which compris- 
es mechanical means contacting the fluid and the 
corresponding reactives to be analyzed, which me- 
chanical means are given a displacement which is 
capable to be altered by the initiation of the coagu- 
lation of the fluid to be analyzed, characterized in 
that the images in real time of the mechanical 
means under displacement within the fluid to be an- 
alyzed are obtained by means of a television cam- 
era (40, 16, 17), being transmitted to a computer 
(43) which is capable to analyze the images to de- 
rive from the same the variation of one or more pa- 
rameters related with the alteration of the move- 
ment of the mechanical means as a function of the 
initiation of the coagulation. 

2. Apparatus for the determination of the coagulation 
time of blood and plasma according to the process 
of claim 1, having means to support a microliter 
plate (1) with multiple cavities (2) for the samples 
and the reactives to be analyzed, the plate being 
transparent, to allow the optical observation, char- 
acterized in that it has a platform (10) to receive the 
microtiter plate (1) by means of rims (11), (12), (13) 
and (14), which platform has holes (15) for the ob- 
servation of the cavities (2) of the plate (1 ) from the 
bottom, said platform (1 0) being driven so that it has 
a circular movement in only one direction in all and 
each of its points, the apparatus having a reactive 
feeding system with a number of nozzles (21 ) as- 
sociated to a support which is driven in three dimen- 
sions to allow the charge of the various reactives in 
each of the sample containing wells (2) of the plate 
(1), the reactives being channeled by means of 
pipes from the corresponding containers (24) inter- 
mediate respective peristaltic pumps (25). 

3. Apparatus according to claim 2, characterized in 
that the TV camera (16, 17) for capturing images in 
real time is attached to the apparatus in a form that 



its field of vision covers all of the sample cavities (2) 
in the support plate (1 ) from a unique point of vision, 
preferably from underneath of the sample carrying 
plate (1). 



Patentanspruche 

1. Verfahren zur Bestimmung der Gerinnungszeit von 
10 Blut und Plasma, das eine mechanische Vorrich- 

tung umfaBt, die das Fluid und die entsprechenden 
zu analysierenden Reaktanten beruhrt, wobei die 
mechanische Vorrichtung einer Verschiebung un- 
terworfen ist, die durch den Beginn der Gerinnung 

is des zu analysierenden Fluids verandert werden 
kann, dadurch qekennzeichnet, daB die Echtzeitbii- 
der der in dem zu analysierenden Fluid verschobe- 
nen mechanischen Vorrichtung mittels einer Fern- 
sehkamera (40, 16, 17) erhaiten werden und an ei- 

20 nen Rechner (43) ubertragen werden, der die Bilder 
analysieren kann, urn aus diesen die Veranderung 
eines oder mehrerer Parameter abzuleiten, die sich 
auf die Veranderung der Bewegung der mechani- 
schen Vorrichtung als Funktion des Beginns der 

25 Gerinnung beziehen. 

2. Vorrichtung zur Bestimmung der Gerinnungszeit 
von Blut und Plasma gemaB dem Verfahren nach 
Anspruch 1 , mit einer Vorrichtung zum Tragen einer 

30 Mikrotitrationsplatte (1) mit mehreren Hohlraumen 
(2) fur die zu analysierenden Proben und Reaktan- 
ten, wobei die Platte durchsichtig ist, urn die visuelle 
Beobachtung zu ermoglichen, dadurch gekenn- 
zeichnet, daB die Vorrichtung eine Plattform (10) 

35 zum Auf nehmen der Mikrotitrationsplatte (1 ) mittels 
Randern (11), (12), (13) und (14) besitzt, wobei die 
Plattform Locher (1 5) f Or die Beobachtung der Hohl- 
raume (2) der Platte (1) von der Unterseite her be- 
sitzt, die Plattform (10) so angetrieben wird, daB sie 

40 in alien ihren Punkten eine kreisformige Bewegung 
in nur einer Richtung ausfOhrt, die Vorrichtung ein 
ReaktantenzufQhrungssystemmit mehreren Dusen 
(21) besitzt, die einem Trager zugeordnet sind, der 
in drei Richtungen angetrieben wird, urn das Einf ul- 

45 (en der verschiedenen Reaktanten in die jeweiligen 
ProbengefaBe (2) der Platte (1) zu ermoglichen, 
und die Reaktanten mittels Rohrleitungen aus ent- 
sprechenden Behaltern (24) uber entsprechende 
Schlauchpumpen (25) zugefuhrt werden. 

so 

3. Vorrichtung nach Anspruch 2, dadurch gekenn- 
zeichnet, daB die Fernsehkamera (1 6, 17) zum Auf- 
nehmen der Echtzeitbilder derart an der Vorrich- 
tung angebracht ist, daB ihr Sichtfeld alle Proben- 
55 hohlraume (2) auf der Tragerplatte (1) von einem 
einzigen Sichtpunkt aus abdeckt, vorzugsweise 
von unterhalb der Probentragerplatte (1 ). 
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Revendlcations 

1 . Precede de determination du temps de coagulation 
du sang et du plasma, du type qui comprend des 
moyens mecaniques en contact avec le fluids et les s 
reactifs correspondants a analyser, lesquels 
moyens mecaniques recoivent un mouvement qui 
peut etre modifte par le commencement de la coa- 
gulation du fluids a analyser, 

caracterise en ce que les images en temps r6ei des 10 
moyens mecaniques en mouvement dans le fluide 
a analyser sont obtenues au moyen d'une camera 
de television (40, 16, 17), sont transmises a un or- 
dinateur (43) qui est capable d'analyser les images 
pour deduire de celles-ci la variation d'un ou plu- is 
sieurs parametres rsiiss a la modification du mou- 
vement des moyens mecaniques en fonction du 
commencement de la coagulation. 

2. Appareil pour determiner le temps de coagulation 20 
du sang et du plasma selon le proced6 de la reven- 
dication 1 , comprenant un moyen pour supporter 
une plaque de micro-titrage (1) avec de multiples 
alveoles (2) destines aux echantillons et aux reac- 
tifs a analyser, ladite plaque etant transparente pour & 
permettre {'observation optique, caracterise en ce 
qu'il comprend une plate-forme (10) pour recevoir 

la plaque de micro-titrage (1 ) a I'aide de rebords (1 1 , 
12, 13 et 14), laqueile plate-forme comporte des 
trous (1 5) permettant I'observation des alveoles (2) so 
de la plaque (1) depuis le dessous, ladite plate-for- 
me (10) etant entrainee pour effectuer un mouve- 
ment circulaire dans une seule direction en chacun 
de tous ses points, Pappareil comportant un syste- 
me d'alimentation en reactrf avec un certain nombre 35 
de buses (21) associees a un support qui est en- 
train6 dans les trois dimensions pour permettre le 
chargementdes divers reactifs dans chaque alveo- 
le (2) contenant les echantillons de la plaque (1), 
les reactifs etant canalises au moyen de tubes pro- «o 
venant de recipients correspondants (24) grace a 
des pompes penstaltiques respectives (25). 

3. Appareil selon la revendication 2, caracteris6 en ce 
que la camera de television (16, 17) qui prend des <s 
images en temps reel est fixee a I'appareil de facon 
que son champ de vision couvre tous les alveoles 
a echantillons (2) de la plaque de support (1 ) depuis 
un point d'observation unique, de preference de- 
puis le dessous de la plaque (1 ) de support d'echan- so 
tillons. 
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FIG.5 
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FIG.8 
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